Summary: We conducted a population-based study in Delaware to examine the reliability of childhood vaccination data in a comprehensive computer-based record system versus parental vaccination cards. We sampled 1,005 children born betweenJanuary, 1991, and September, 1993. We oversampled for children whose mothers received Medicaid or were uninsured at the time of delivery. Of the survey responders, 276 (56%) had access to written records, and 409 (83%) records were located in the Delaware immunization computer database. The kappa coefficient was 0.18. The observed agreement was 59.8%. When the two databases were combined, the up-to-date rate for 2-year-olds was 58.4%, an increase of 12.7% and 24.2% from the computer database and the parental records, respectively. The computer database was 78.1% sensitive and the parental records were 54.9% sensitive. These results indicate that a comprehensive computer-based record system, with adequate provider participation and proper data management, can be more reliable than parental vaccination cards.
In June 1994, surveys were mailed to the parents of these children asking for their participation in the study. Nominally valued incentives were offered for response to the survey. Confirmation calls were made to determine whether the surveys were received and addresses were correct and to encourage participation in the program. In September, a second mailing was sent to those parents who had not returned or completed the survey. Following the second mailing, additional confirmation calls were accompanied by home visits to all the families receiving a second survey. By April 1995, 495 families had responded to the survey. This provided a 68% response rate, after the exclusion of the families (276) who were determined to have never received the survey. They were excluded on the basis of home visits to the address on the birth certificate, interviews with residents in the neighborhood, and communications with the United States Post Office.
One section of the survey included a series of questions concerning the immunization status of the children. The section asked whether the parents had written records of their children's immunization histories, and if they did not have written records, what their children's immunization statuses were by memory. In this study, 276 (56%) of the 495 parents who returned the survey had access to written records (not from memory) and transcribed the immunization dates onto the survey document as requested.
The computer-based immunization registry was then queried for the 495 children whose parents returned the survey. After several checks for aliases and misspellings, 83% (409) of the children had at least one immunization recorded in the computerbased immunization registry. Table 1 shows the status of both surveillance systems.
Up-to-date (UTD) by 24 months of age is having received 4 DTP, 3 OPV, and 1 MMR. In comparing the UTD status of the children in the Delaware computer-based registry with the parental records, the date that the survey was completed was used as the point of reference. Only vaccination dates that were present in the registry by the date the parent completed the survey were included in the analyses. We estimated from the dates on which the surveys were signed that 243 of the 495 children were at least 24 months of age when the surveys were completed. Ifwe did not have information from the parental vaccine records or the computer-based registry, it was assumed for our study purposes that no immunizations were administered to that child. Some parents may have had vaccine records but chose not to report the vaccinations on the survey. This is unlikely, however, because of our aggressive follow-up of all subjects.
Data Analysis
The data were analyzed by the following methods. Table 2 ). Note that the observed agreement between the two was not highly associated with the children's health care coverage. The observed agreement between the registry and the parental records was 62.5% and 59.5% for children whose health care was covered by Medicaid and commercial insurance, respectively. These two types of coverage represent 84% of the children who were at least 24 months of age when the survey was returned. The uninsured had a lower observed agreement, 50.0%, but these children represent only 12.3% of the survey population.
When the immunization histories from the parental records and the computer-based registry were combined, 58.4% of the children were determined to be UTD by 24 months of age. This shows an increase of 12.7% from the computer database and an increase of 24.2% from the parental vaccination cards (Table 3) .
When we evaluated the sensitivity of the databases we found that the computer-based record system had a sensitivity of 78.1% (111/142), and the sensitivity of the parental vaccine records was 54.9% (78/142), when comparing them with the composite. This means that if a child is found to be UTD in the composite, he or she has a 78.1% probability of being UTD according to the registry or a 54.9% probability according to the vaccination cards.
Discussion
This is the first populationbased study that has compared vaccination data in a statewide computerized vaccination registry and parental vaccine cards.
We have found that data from a statewide immunization registry are more reliable than parental vaccine cards. The computerbased record system was 23.2% more sensitive than the parental vaccine records. In addition, only 56% of the children had at least one immunization reported in the parental vaccination cards, while 83% had a recorded vaccination in the computer database. Considering a kappa coefficient of 0.18 and a combined UTD rate of 58.4%, it follows that a method that combines both systems to determine immunization rates will increase the reliability of the data. Since this is not practical for many health agencies, the best alternative is to An effectively designed and utilized computer-based record system should also implement computer-generated telephone or postcard reminders, which is an effective intervention strategy. 16 With adequate provider participation and quality control, the computer database will assist public health officials and providers in targeting populations of underimmunized children more effectively. The results demonstrate the need for agencies and institutions to support the development of computer-based registries in order to obtain more reliable immunization data by distinguishing between those children who are truly underimmunized versus those whose immunizations have been underreported. Such a tracking system would improve the effectiveness of immunization policies and intervention strategies.
